Abstract. BACKGROUND: Cardiovascular calcification, including arterial intimal and medial calcification (AIC and AMC) and valvular calcification (VC) are important predictors of outcome in chronic dialysis patients. We aimed to compare their prevalence and analyze respective risk factors in hemodialysis (HD) patients. METHODS: A total of 81 HD patients were enrolled. Vascular calcification was assessed by plain film radiography of the pelvis and VC was diagnosed by echocardiography. Demographic data was reviewed and serum levels of calcification-relevant biomarkers were determined. Patients with and without calcification were then compared. RESULTS: The prevalence study indicated that 36 patients had AIC (44.4%), 17 had AMC (21%) and 60 (74.1%) had VC. Patients with vascular calcification were older, and had a higher prevalence of diabetes. Their IL-6, osteoprotegerin, and uric acid levels were higher. Serum fetuin-A was lower in patients with VC. Logistic regression analysis revealed age, uric acid and diabetes to be independently associated with AIC; uric acid, diabetes and osteoprotegerin with AMC. Fetuin-A was the sole associate of VC. CONCLUSIONS: It is concluded that the prevalence of cardiovascular calcification in chronic HD patients was high with cardiac valve involvement more frequent. Factors associated with different type of calcification were not identical. Changes in biomarkers may represent clinical clues for assessment of cardiovascular calcification in HD patients.
Introduction
Cardiovascular disease is the leading cause of death in chronic dialysis patients. The underlying diseases such as diabetes, hypertension, advanced age, and chronic inflammation are all strongly related to survival in the dialysis population [1] . More recently, both the presence as well as the extent of cardiovascular calcification has been demonstrated to be predictors of cardiovascular and all-cause mortality in dialysis patients [2, 3] . In one autopsy study, soft tissue calcification including the heart and kidney was identified in 79% of dialysis patients and 44% of nondialysis patients [4] . Coronary artery calcification has also been shown to be more prevalent after the onset of dialysis, being present in 65% of those patients [5] .
In general, cardiovascular calcification are divided into three types, depending on the locations involved [6] : arterial intimal calcification (AIC), which is characteristic of atherosclerosis and causes plaque formation and significant luminal stenosis; arterial medial calcification (AMC), which is the nonendochrondral ossification process of the arterial tunica media and is highly characteristic of diabetes mellitus and chronic renal failure [7] and valvular calcification (VC), which occurs in response to mechanical stressors and inflammation, and thus recruit dystrophic mineralization and nonenchondral ossification processes to deposit calcium [8] . Clinical observational study has demonstrated that VC represents a marker of atherosclerosis and arterial calcification in dialysis patients [9] . Additionally, hemodialysis patients with AIC were reported to have higher mortality than those with AMC [10] .
Mechanisms of cardiovascular calcification in dialysis patients are multiple [11, 12] . A variety of biomarkers circulate in blood stream can be determined as a method of early detection of calcification. However, the role of these biomarkers in different type calcification has rarely been compared. In this study, we aim to investigate the distribution of vascular calcification and VC in hemodialysis patients. Novel relevant biomarkers of calcification were determined, and factors associated with calcification and their relationships were analyzed.
Materials and methods

Patients
A total of 81 stable chronic hemodialysis patients were randomly selected. All patients received regular hemodialysis with a biocompatible artificial kidney for a duration of 4 hours per session, 3 times a week, for at least 6 months, at our hospital. Exclusion criteria included young patients (< 18 years old), viral hepatitis B or C carriers, recent infection (in the past 1 month), and patients using steroids or immunosuppressive agents. Patients with abnormal liver function tests or leukocytosis were also excluded from this study. The underlying causes of renal failure were chronic glomerulonephritis (n = 21), diabetes (n = 19), hypertension (n = 14), and unknown etiology (n = 27). Demographic data including age, gender, and duration of dialysis therapy were collected. Comorbidity such as diabetes and hypertension was reviewed and recorded. Patients with previous history of acute myocardial infarction, stroke, peripheral artery disease were also reviewed. This study was approved by the Institutional Review Board of Chang Gung Memorial Hospital (97-0598B). Informed consent was obtained from all patients.
Laboratory measurement
Fasting blood samples were collected prior to hemodialysis upon the mid-week dialysis day. Their previous 12 months data of serum calcium, phosphate, parathyroid hormone, and albumin were collected and averaged. Blood levels of fetuin-A, osteoprotegerin (OPG), fibroblast growth factor 23 (FGF23), osteopontin (OPN), and inflammatory markers -highsensitivity C-reactive protein (hs-CRP) and interleukin -6 (IL-6) -were determined by commercial kits. All samples were stored at −80
• C until the analysis. Hs-CRP was measured using nephelometry (Behring Diagnostics, Marbury, Germany). IL-6 was measured by a quantitative sandwich enzyme immunoassay (R&D Systems, Minneapolis, MN, USA). Serum fetuin-A was determined by a human fetuin-A enzyme-linked immunosorbent assay (ELISA) kit (Assaypro, St. Charles, MO, USA). Levels of OPG, OPN, and FGF23 were also detected using ELISA kits (Immundiagnostik, Bensheim, Germany; R&D Systems, Minneapolis, MN, USA; and Immutopics, San Clemente, CA, USA, respectively). The adequacy of dialysis was assessed by KT/V urea and the urea reduction ratio (URR). The KT/V urea was determined using the urea kinetic model of Gotch [13] .
Definition and assessment of vascular and valvular calcification
All subjects underwent radiography of the pelvis to determine the type of vascular calcification. According to London et al., cases showing the presence of discrete intimal-like plaques with irregular and patchy distribution were classified as AIC, and those with uniform linear railroad track-type calcification, as AMC. Patients with a mixed type of vascular calcification were classified as AIC [10] . Echocardiograms were performed and interpreted by a single experienced cardiologist who was also blinded to the subjects' clinical information. VC was defined as bright echoes of more than 1 mm on 1 or more cusps of the aortic and the mitral valves [3] . 
Statistical analysis
All statistical analyses were performed using the SPSS 15.0 software. Data are presented as means ± S.D. ANOVA was used for comparison between non-calcification, AIC and AMC. Student's t-test was used for comparison in valvular calcification. Statistical comparison of baseline characteristics, underlying disease, and calcification type was performed by the chi-square test. Pearson's correlation analysis was used to examine the relationship between variables. To identify independent factors contributing to cardiovascular calcification, significant variables of univariate analysis were selected for logistic regression analysis. A value of p < 0.05 was considered to be statistically significant.
Results
Subject characteristics and distribution of cardiovascular calcification
The mean age of the study population was 60.9 ± 10.2 years, and male patients accounted for 49.4% of enrolled patients. Their mean hemodialysis duration was 75.8 ± 47.1 months. The distribution of the types of calcification is shown in Fig. 1 . Fifty-three patients (65.4%) had vascular calcification, including 36 (44.4%) with AIC, and 17 (21%) with AMC. Among them, 10 patients (12.3%) had concurrent AIC and AMC. Echocardiography revealed 60 patients (74.1%) had VC, including 44 (54.3%) with aortic valve calcification, and 34 (42%) with mitral valve calcification. Eighteen patients (22%) showed calcification of both valves. Twenty-eight patients (34.6%) had AIC with VC and 13 (16%) had AMC with VC. Of the patients with VC, 46.5% and 21.6% of them demonstrated AIC and AMC, respectively. It was estimated that 77.7% and 76.4% of AIC and AMC patients, respectively, had VC. Eight patients (9.87%) had AIC, AMC, and VC. Only 9 patients (11.1%) did not have any evidence of calcification.
Comparison between patients with calcification
and non-calcification Table 1 displays the demographic and laboratory data of all patients. Compared with the non-calcification group, patients with AIC were older, had a higher prevalence of diabetes, and higher serum levels of IL-6 and OPG (both p < 0.05). Patients with AMC were older, had a higher prevalence of diabetes, and significantly higher levels of IL-6 and uric acid than those without calcification. The levels of serum calcium, phosphate, calcium phosphate products, total cholesterol, triglycerides, and parathyroid hormone were similar among the groups. There were significant differences in age and the prevalence of diabetes between the patients with AIC and AMC. Table 2 displays the results of the comparative data between patients with and without VC. Fetuin-A was found to be significantly lower in patients with VC. Although the dialysis duration was longer in these patients, this difference did not reach statistical significance. Both hs-CRP and IL-6 levels were similar between the 2 groups. Since diabetes is associated with a higher rate of vascular calcification, we further compared the clinical features and levels of the biochemical data and biomarkers in diabetic vs nondiabetic patients. Diabetic patients had a shorter dialysis duration (57.2 ± 38.0 vs. 83.2 ± 48.5 months, p = 0.024), lower serum albumin (3.7 ± 0.3 vs. 3.9 ± 0.2 g/dL, p = 0.023), lower URR (0.72 ± 0.04 vs. 0.76 ± 0.05, p = 0.003), and KT/V urea (1.31 ± 0.16 vs. 1.47 ± 0.21, p = 0.003), but had higher levels of OPG (12.6 ± 3.8 vs. 10.3 ± 3.6 pmol/L, p = 0.024) and hs-CRP (3.7 ± 2.5 vs. 2.3 ± 1.9 mg/L, p = 0.022) as compared with nondiabetic subjects. However, there was no difference in age, uric acid, calcium, phosphate, IL-6, OPN, FGF23, and fetuin-A between the 2 groups.
Correlation analysis
The relationship between the variables tested was also examined. We found that FGF23 levels directly correlated with IL-6 (r = 0.447, p < 0.001), calcium (r = 0.524, p < 0.001), phosphate (r = 0.511, p < 0.001), and the calcium phosphate product (r = 0.605, p < 0.001). However, no significant relationship between OPG and fetuin-A was noted. OPG levels were negatively correlated with calcium (r = −0.306, p =0.011), the calcium phosphate product (r = −0.268, p = 0.026), and albumin (r = −0.381, p = 0.001). Uric acid was strongly correlated with phosphate (r = 0.24, p = 0.031) and the calcium phosphate product (r = 0.231, p = 0.038). No significant association between uric acid and fetuin-A, IL-6, and hs-CRP was found. Serum IL-6 was shown to have a positive correlation with hs-CRP (r = 0.313, p = 0.013) and age (r = 0.358, p = 0.002), and an inverse correlation with albumin (r = −0.346, p = 0.003). Fetuin-A did not have a significant relationship with serum calcium, phosphate, or other biomarkers.
Logistic regression analysis of vascular and valvular calcification
As shown in Table 3 , multivariate regression analysis revealed age, diabetes, and uric acid levels were strongly related to AIC. Diabetes, uric acid, and OPG levels were independent factors associated with AMC. Fetuin-A was the sole independent associate of VC.
Discussion
Our results demonstrate that chronic hemodialysis patients have a high prevalence of cardiovascular calcification, with almost 90% of our subjects displaying image-documented calcification involving the arteries and or the cardiac valves. Furthermore, valvular calcification was more prevalent than peripheral artery involvement. Prevalence of AIC was twice that of AMC. Valvular involvement was observed in about 80% of the patients with arterial calcification. Besides traditional risk factors such as age and diabetes, uric acid and OPG were associated with vascular calcification, and fetuin-A with VC.
The prevalence of cardiovascular calcification varied greatly. Previous studies based on either computer tomography or echocardiography, have revealed a high prevalence of calcification, ranging from 28% to 77%, of the aortic or the mitral valve in dialysis patients [14] [15] [16] . London et al. reported that 63.8% of their hemodialysis patients had arterial calcification, including 37.1% with AIC and 26.7% with AMC, as determined by radiography [10] . The variation of prevalence rate is greatly influenced by characteristics of study cohort such as age, dialysis duration, and prevalence of diabetes. Furthermore, different diagnostic tools examining various location of vascular calcification also present different results.
Several factors have been linked with cardiovascular calcification [17] . Among the traditional risk factors, our study confirmed both age and diabetes to be important determinants of vascular calcification. Diabetes is known as a risk factor for atherosclerosis. Since diabetes was associated with higher OPG level, this finding may explain at least partially why diabetes was at risk for vascular calcification. Our previous study has shown a strong association between chronic inflammation and disturbance of bone mineral metabolism in chronic hemodialysis patients [18] . The link between dysregulation of calcium, phosphate, and the parathyroid hormone, and cardiovascular calcification is controversial [3, 19] . This discrepancy might be due to differences in study population, treatment modality, calcium load and phosphate binders. It is difficult to demonstrate the direct effect of calcium or phosphate on long-term events such as calcification because both calcium and phosphate levels usually changes frequently, and are rarely constant in hemodialysis patients.
In the general population, uric acid was identified as a risk factor for arterial calcification and also an independent determinant of coronary artery calcification [20] . In vitro studies have shown uric acid to induce proliferation and increase the expression of monocyte chemoattractant protein-1 in vascular smooth muscle cells [21] . Uric acid cal also causes endothelial dysfunction and chronic inflammation [22] . These findings suggest an active role of uric acid in mediating vascular lesions.
Among the calcification regulators evaluated in the present study, we found that diabetic patients had higher serum OPG levels, and that OPG was an independent predictor of AMC. OPG protects the skeleton from excessive bone resorption by binding to the receptor activator of the NF-kappaB ligand, which upregulates inflammation mediators and vascular calcification [23] . High levels of serum OPG were associated with rapid progressive vascular calcification, and OPG was also found to be an independent determinant of coronary artery calcification and mortality in patients with chronic kidney disease [24] . It should be noted that despite its biological ability of anticalcification, elevation of serum OPG was associated with advanced vascular calcification. An incomplete compensatory response is considered to explain this discrepancy [25] .
Fetuin-A was shown to be a predictor of mortality in dialysis patients [26] . However, the relationship between fetuin-A and cardiovascular calcification remains unclear [19] . Recent studies reported that inflammation was an important modulatory factor of fetuin-A [27, 28] . We found low fetuin-A levels to be the only risk factor of VC in our study subjects. Although patients with VC tended to be older and with a longer duration of dialysis, there were no significant differences in other markers of inflammation.
Serum phosphate and calcium have been demonstrated to be associated with FGF23 levels in hemodialysis patients [29] . More recently, FGF23 has been found to be correlated with outcome in chronic hemodialysis patients [30] . FGF23 inhibits phosphate reabsorption and reduces the renal synthesis of 1,25(OH)2D. Nonetheless, the role of FGF23 in cardiovascular calcification is uncertain. Although FGF23 levels correlated with pro-inflammatory cytokines, calcium, phosphate, and their products, calcification was not associated with significant changes in FGF23 in our study. Plasma FGF23 level has been shown to be an independent factor in peripheral vascular calcification of male hemodialysis patients [31] . One recent study demonstrated that FGF23 was associated with severe but not moderate coronary artery calcification in non-dialysis chronic kidney disease patients [32] . Apparently, more evidence is required to establish the role of FGF23 in vascular calcification.
Our study has several limitations. First, diagnosis of vascular calcification in the present study depends on objective interpretation. Quality of radiogram may influence the interpretation. Second, treatment effect on cardiovascular calcification was not assessed in the present study. A longitudinal follow up study with various regimens to address hyperphosphatemia and hyperparathyroidism may provide more information regarding their impact on calcification in different locations. Lastly, due to its cross-sectional design, the association between biomarkers and cardiovascular calcification in the present study does not suggest the casual relationship. Further study is required to establish the direct role of biomarkers.
In conclusion, cardiovascular calcification was very prevalent in chronic hemodialysis patients and cardiac valve was more frequently involved than peripheral artery. In addition to diabetes, uric acid was associated with vascular calcification. Level of circulating OPG was linked with medial calcification, and fetuin-A significantly correlated with calcification of the cardiac valves. Identification of these biomarkers is helpful for the assessment of vascular calcification.
